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Background: The formal classiﬁcation system for ruptured sinus of Valsalva aneurysm (RSVA) is from a
surgical aspect and is seldom utilized for percutaneous closure. This study was undertaken to introduce
a new classiﬁcation for RSVA according to the angiographic features of patients.
Methods: We retrospectively studied 30 cases of RSVA undergoing percutaneous closure between July
2005 and September 2013. The data of patients’ angiographic features, management, and outcomeswere
collected and analyzed.
Results: The patients included 18 males and 12 females with a median age of 42.5 years (range, 24–74
years). According to the shape of left to right shunt jet, patients were divided into four types: type I,
window-like, 56.7% (n=17); type II, aneurysmal, 16.7% (n=5); type III, tubular, 16.7% (n=5); and type IV,
other rare conditions, 10.0% (n=3). One patient in type IV had a giant RSVA and the other 2 in type IV
presented with angiographic features of long and funnel shape. Total occlusion rate was 93.3% (28 out
of 30 patients) at discharge and during a median follow-up of 18.5 months (1–96 months). In patients
with types I and II, small-waist double-disk ventricular septal defect (VSD) occluders were selected. In
patients with type III, muscular VSD occluders were chosen. We failed in 2 out of 3 patients in type IV
for serious hemolysis and occluders were retrieved ﬁnally. The proportion of patients in New York Heart
Association class III/IV was reduced from 73.3% at baseline to 10% at the time of last follow-up (p<0.001).
Conclusion:According to the shape of left to right shunt jet, we propose a newand simple classiﬁcation for
RSVA. It could help toward the better understanding of angiographic morphology of RSVA and facilitate
for p
© 2the selection of occluders
ntroduction
Ruptured sinus of Valsalva aneurysm (RSVA) is a rare cardiac
bnormality, usually caused by a congenital deﬁciency of muscular
nd elastic tissue in the aortic wall of the sinus of Valsalva [1]. The
ncidence is higher in Eastern thanWestern populations [2–4]. The
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majority of aneurysms originate in the right coronary sinus (RCS) or
non-coronary sinus (NCS) and rupture into the right ventricle (RV)
or right atrium (RA) [5–7]. Surgical repair has been the mainstay of
therapy with relatively low mortality [8,9]. However, some prob-
lems limit the application of surgical repair, for instance, severe
hemodynamic instability and patch leak require a second opera-
tion [10]. Successful percutaneous closure has been increasingly
reported, mainly as case reports or small series [11–14].
To date, the formal classiﬁcation system for RSVA, which was
proposed by Sakakibara and Konno [15] has been widely used
in clinical surgery. It describes 4 types of RSVA according to
the coronary sinus affected and the site where they rupture.
Another important classiﬁcation system proposed by Ring [16] is
a hierarchical scheme based on location and acuity (ruptured or
llege of Cardiology.
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type I. Coexistent perimembranous VSD was found in 6 patients.
Four of them were in type I and the other 2 were in type IV. Three
patients (10.0%) combined with AR, and 2 of them were in type I.
Table 1
Classiﬁcation systems for RSVA.
Sakakibara classiﬁcation Angiographic classiﬁcation
I: RCS to the RVOT below the pulmonary valve I: Window-like type
II: RCS to RV infundibulum in the
supraventricularis crest
II: Aneurysmal type
III: III: Tubular type
IIIa: RCS to the RA
IIIv: RCS to the RV at membranous ventricular40 S. Liu et al. / Journal of C
on-ruptured)with amodiﬁer added for the etiological factor.With
mphasis on the origin and rupture site, Sakakibara’s and Ring’s
lassiﬁcations are anatomical classiﬁcations and not practical for
ercutaneous closure.
Therefore, this studywas designed to introduce a newclassiﬁca-
ion system according to the shape of left to right shunt jet by aortic
oot angiography, whichwe believedwould help toward the better
nderstanding of angiographic morphology of RSVA and facilitate
he selection of occluders for percutaneous closure.
aterials and methods
atient selection
Patients would be considered candidates for percutaneous
reatment if they had the European system for cardiac operative
isk evaluation II (EuroSCORE II) >20%, or if surgery was deemed
o be of excessive risk. The EuroSCORE II calculator is online at
ttp://www.euroscore.org/calc.html. From July 2005 to September
013, a total of 30patientswithRSVA in5 institutionswereenrolled
n our study for attempted percutaneous closure. The Ethics Com-
ittee of each hospital approved the study, and the decision to
roceed with percutaneous closure was discussed by a dedicated
eart team.
losure device and follow-up
The occluders used were modiﬁed double-disk ventricular sep-
al defect (VSD) occluders (Shanghai Shape Memory Alloy Ltd,
hanghai, China), which were designed based on the Amplatzer
ccluders and had been widely used for selected VSD in China
17]. There are 3 types of modiﬁed VSD occluders used in the
tudy: small-waist double-disk occluders, muscular occluders, and
symmetric occluders. Thediameter of the small-waist double-disk
ccluder is different in the left (aortic) and right (RA or RV) side
isk [10]. The above occluders were approved by the State Food
nd Drug Administration (SFDA) of China in 2003, and received CE
ark in 2008.
ercutaneous device implantation
Percutaneous device implantationwas performed under ﬂuoro-
copic guidance, as described before [18]. Aortic root angiography
as performed using a 6 French pigtail catheter to observe the
ize, shape, and opening of RSVA. An arterial-venous wire loopwas
stablished from right femoral artery, ascending aorta, RSVA, RV,
A, inferior vena cava, and right femoral vein. A 9–10 French deliv-
ry sheath was placed into the ascending aorta across the lesion
ver the loop.
We chose an appropriate occluder thatmeasured2–4mmlarger
han the entrance diameter of RSVA. The selected occluder with
ts attached delivery cable was then inserted through the delivery
heath from the venous route, and its aortic disk was deployed in
he ascending aorta. A gentle traction was exerted on the deliv-
ry cable to conﬁrm seating of the left disk on the aortic side
ithout slippage into the RSVA. Then the rest of the occluder
as deployed on the right side across the lesion. The device was
eleased after making certain that there was no signiﬁcant aor-
ic regurgitation (AR), tricuspid regurgitation, or encroachment
n coronary arteries on the basis of aortic root angiography,
ransthoracic echocardiography (TTE), or transesophageal echocar-
iography (TEE) evaluation.
TTE and electrocardiography were performed 1 week later and
outinely assessed at 1, 6, and 12 months after the procedure and
early thereafter. The residual shunt was deﬁned as trivial (<1mm
olor jetwidth), small (1–2mmcolor jetwidth),moderate (3–4mmogy 64 (2014) 139–144
color jet width), or large (>4mm color jet width) by TTE [19]. Valve
regurgitation was evaluated by color Doppler ﬂow imaging in a
standard way.
Statistical analysis
All continuous variables are expressed as mean values and
standard deviation or median with range as appropriate, and dis-
crete variables are presented as percentages. Univariate analysis
wasperformedby theStudent’s t-test andchi-square testor Fisher’s
exact test. A p-value <0.05 was considered statistically signiﬁcant.
Thedatawereanalyzedwithstatistical softwareSPSS17.0 (Chicago,
IL, USA).
Results
Baseline characteristics
The patients included 18 males and 12 females with a median
age of 42.5 years (range, 24–74 years). Major symptoms were
chest pain in 17 (56.7%) and dyspnea in 21 patients (70.0%). Nine
patients (30.0%)hadcoronaryarterydiseaseand11patients (36.7%)
had signiﬁcant renal dysfunction (estimated glomerular ﬁltration
rate <60ml/min). New York Heart Association (NYHA) functional
class III/IV was prevalent in 22 patients (73.3%). The mean logistic
EuroSCORE II was 25.2±8.4%.
Angiographic classiﬁcation system
Following a detailed analysis of the 30 cases, we proposed a
novel classiﬁcation system for RSVA according to the shape of left
to right shunt jet by aortic root angiography (Table 1). Patients
were divided into 4 types: type I, window-like, the shunt jet is scat-
tered immediately after crossing the ruptured site (Fig. 1A); type
II, aneurysmal, the shunt jet is aneurysmal shape (Fig. 1B); type III,
tubular, the shunt jet is a tubular shape with a long waist (Fig. 1C);
and type IV, other rare conditions.
The baseline characteristics of patients in each type are sum-
marized in Table 2. The patients were divided into: window-like,
56.7% (n=17); aneurysmal, 16.7% (n=5); and tubular, 16.7% (n=5).
Three patients with other rare angiographic shape were identiﬁed
in type IV, 10.0% (n=3) (Fig. 2). One of them presented with a giant
RSVA from RCS to RA adjacent to the tricuspid valve. The other
2 presented with angiographic features of long and funnel shape.
Aneurysms originated from the RCS in 19 patients (63.3%) andmost
of them (33.3%) were in type I. The aneurysm terminated into the
RA in 16 patients (53.3%) and the majority of them (33.3%) were inseptum
IV: NCS to the RA IV: Other rare conditions
NCS, non coronary sinus; RA, right atrium; RCS, right coronary sinus; RSVA, ruptured
sinusofValsalva aneurysm;RV, right ventricle; RVOT, right ventricular outﬂowtract.
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Fig. 1. Types I, II, and III in the angiographic classiﬁcation system for ruptured sinus of Valsalva aneurysm. (A) In the type I, window-like, the shunt jet is scattered immediately
after crossing the ruptured site; (B) In the type II, aneurysmal, the shunt jet is aneurysmal shape after crossing the ruptured site; (C) In the type III, tubular, the shunt jet is
long and the diameter in the left and right sides of the ruptured site is the same.
Table 2
Baseline characteristics of patients in each type.
Total group Window-like Aneurysmal Tubular Other rare conditions
Patients (n) 30 (100) 17 (56.7) 5 (16.7) 5 (16.7) 3 (10.0)
Involved sinus of Valsalva
RCS [n (%)] 19 (63.3) 10 (33.3) 3 (10.0) 4 (13.3) 2 (6.7)
NCS [n (%)] 11 (36.7) 7 (23.3) 2 (6.7) 1 (3.3) 1 (3.3)
Related cardiac chamber
RA [n (%)] 16 (53.3) 10 (33.3) 2 (6.7) 3 (10.0) 1 (3.3)
RV [n (%)] 14 (46.7) 7 (23.3) 3 (10.0) 2 (6.7) 2 (6.7)
Associated VSD [n (%)] 6 (20.0) 4 (13.3) 0 0 2 (6.7)
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ata are expressed as number (percentage). NCS, non coronary sinus; RA, right atriu
eptal defect.
ccluder selection and outcomes
Thedata of patients’management, outcomes, and complications
re illustrated in Table 3. Total occlusion rate was 93.3% (28 of
0 patients) at discharge and during a median follow-up of 18.5
onths (1–96 months). The diameter at the ruptured site varied
rom 4 to 8mm (median 6mm) and the size of the occluders used
o close the ruptured site varied from 6 to 12mm (median 8mm).
For patients in types I and II, small-waist double-disk occluders
ere used. For patients in type III, muscular occluders were cho-
en (Fig. 3). Four patients in type I combinedwith perimembranous
SD and 2 of them were implanted with asymmetric occluders for
SDsimultaneously. Theother 2patientswhocombinedwith small
erimembranous VSD (less than 3mm in diameter) were only
reated for RSVA.
ig. 2. Type IV, two cases of rare conditions in the angiographic classiﬁcation system for
B) Aortogram reveals the shunt jet is long and funnel shaped after crossing the ruptured0 0 1 (3.3)
S, right coronary sinus; RV, right ventricle; AR, aortic regurgitation; VSD, ventricular
One patient in type IV presented with a giant RSVA from RCS
to RA adjacent to the tricuspid valve, measuring 41mm×34mm
at the maximal echocardiographic diameters. TTE revealed
that the entrance diameter was 4mm and a 6-mm small-
waist double-disk occluder was deployed across the lesion
successfully.
We failed in the other two patients in type IV with angiogra-
phic features of long and funnel shape. Both of them presented
with coexistent perimembranous VSD (7mm and 11mm in diam-
eter). One also combined with moderate AR. Percutaneous closure
of RSVA was undertaken using a muscular VSD occluder com-
binedwith a small-waist double-disk occluder and amuscular VSD
occlude, respectively. We planned a second procedure for VSD clo-
sure in one week. Moderate residual shunt occurred immediately
and hemolysis developed 4h and 8h after percutaneous closure.
ruptured sinus of Valsalva aneurysm (RSVA). (A) Aortogram reveals a giant RSVA;
site.
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Table 3
Interventional information and outcomes for different types.
Type Patients (n) Defect size
(mm)
Occluder
size (mm)
Occluders used (n) Complications [n (%)]
Small-waist
double-disk
Muscular Asymmetric Occluders
retrieval
Residual
shunts
Occluder
related AR
Total 30 6 8 24 7 2 2 (6.7) 5 (16.7) 5 (16.7)
Window-like 17 4 8 17 0 2 0 3 (10.0) 5 (16.7)
Aneurysmal 5 6 8 5 0 0 0 0 0
Tubular 5 7.5 10 0 5 0 0 0 0
Other rare conditions 3 6 11 2 2 0 2 (6.7) 2 (6.7) 0
Data are expressed as number (percentage).
AR, aortic regurgitation.
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he 2 patients were converted to surgery after conservative treat-
ent for one week.
ollow-up evaluation
At discharge, trivial residual shunts were noticed by TTE in
patients in type I. De novo mild occluder-related AR developed
n 5 patients in type I. During a median follow-up of 18.5 months
1–96 months), trivial residual shunts disappeared in all patients.
ild occluder-related AR disappeared in 4 out of 5 patients and
emained unchanged in 1 patient. Two patients with mild AR pre-
peratively remained unchanged at discharge and at the time of
ast follow-up.
At baseline, NYHA functional class was II in 8 patients, III in
9, and IV in 3. At most recent follow-up, 14 patients were in
YHA class I and 13 in NYHA class II. Three patients combined
ith coronary artery disease were still classiﬁed in NYHA class III.
he proportion of patients in NYHA class III/IV was reduced from
3.3% at baseline to 10% at the time of last follow-up (p<0.001).
o deaths, de novo residual shunts or AR, infective endocarditis,
evice embolization, or displacement occurred.
iscussionOur analysis demonstrated excellent immediate outcomes and
ollow-up results of percutaneous closure of RSVA using modiﬁed
SD occluders. Total occlusion rate was 93.3% (28 of 30 patients) aters used for ruptured sinus of Valsalva aneurysm in the study.
discharge and during a median follow-up of 18.5 months (1–96
months). The proportion of patients in NYHA class III/IV was
reduced from 73.3% at baseline to 10% at the time of last follow-up.
A similar closure rate in RSVA with surgical closure has also been
reported to be between 90.9% and 95.0% [20,21]. Excellent results
of percutaneous closure indicate that it is a promising alternative
to surgery in appropriately selected patients.
Angiographic classiﬁcation system
On the basis of 30 cases of RSVA in the present study, we
introducedanewclassiﬁcationsystemfromthestandpointof inter-
ventional cardiologists. According to the shape of left to right shunt
jet by aortic root angiography, our classiﬁcation system describes
4 types of RSVA. The patients were divided into: type I, window-
like, 56.7% (n=17); type II, aneurysmal, 16.7% (n=5); type III,
tubular, 16.7% (n=5); and type IV, other rare conditions, 10.0%
(n=3). In the newclassiﬁcation system,window-like shape of RSVA
is themost common pattern. Three patientswith rare angiographic
shapewere identiﬁed in type IV.Oneof thempresentedwith a giant
RSVA from RCS to RA and the other 2 patients with angiographic
features of long and funnel shape.Rupture of aneurysmmost often originated from theRCS in each
type of RSVA. Rupture into the RA was identiﬁed in 53.3% of cases
andRV in 46.7%. No cases exhibited rupture into the left ventricle or
pulmonary artery. The most frequent coexistence of RSVA is VSD,
ardiology 64 (2014) 139–144 143
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hich has been reported to be between 26% and 55% [22,23]. AR is
he secondmost commonassociated lesion andoccurs in 20–30%of
SVA patients [24]. In our study, perimembranous VSD was found
n 6 patients (20%). Four of them were in type I and the other 2
ere in type IV. Three patients associated with mild and moderate
R were enrolled in our study. Patients combined with subarterial
SD or severe AR should be converted to surgery.
ccluder selection in each type
Usually interventional cardiologists select occluders to match
he anatomy of lesions according to their intuition. Our classiﬁca-
ion system is on the basis of the angiographic shape which could
ink each RSVA type to a speciﬁed occluder.
In our series, 56.7% patients were in type I and 16.7% were
n type II. Patients in types I and II were treated with small-
aist double-disk VSD occluders, which had been widely used in
ulti-hole perimembranous VSDwith aneurysm in China [25]. The
mall-waist matches the entrance diameter of window-like and
neurysmal RSVA. Its left side can cover all the left inlets com-
letely with little interference on aortic valve function. The shape
f this occluder recovers well after release and does not occupy
noughspace toaffect aortic valve function. Inpatientswith tubular
hape we preferred a muscular VSD occluder with a long connect-
ng waist. In our study, 5 patients were in tubular shape (16.7%)
nd 5muscular occluders were implanted successfully. No de novo
esidual shunts, AR, or hemolysis occurred immediately or during
he follow-up period.
Moreover, there were some rare presentations of RSVA uni-
ed into type IV. In 3 cases with rare angiographic features, we
elected individual occluders according to the angiographic shape.
e deployed one small-waist double-disk occluder to close the
iant RSVA from RCS to RA successfully [26]. Regretfully, we failed
n the other 2 patients with angiographic features of long and fun-
el shape. Both of themhad coexistent VSD and one combinedwith
oderate AR. Percutaneous closure of RSVA was undertaken using
muscular VSD occluder combined with a small-waist double-
isk occluder and amuscular VSD occluder, respectively. Moderate
esidual shunt occurred immediately and hemolysis developed 4h
Fig. 5. The algorithm for the selection of occluders inFig. 4. A brandy wine glass-like occluder under design.
and 8h after percutaneous closure. Occurrence of hemolysis might
be due to the unsuitable selection of occluders and high pressure
ﬂow from theVSD.Withmoderate residual shunt during the proce-
dure, we should withdraw the occluders and convert the patients
to surgery immediately. Since there was no proper occluder for
the long and funnel RSVA, surgical repair might be more suitable.
Moreover we have been designing a special occluder shaped like
a brandy wine glass that might be suitable for the long and funnel
shape (Fig. 4).
An algorithm for the selection of occludersBased on this new angiographic classiﬁcation, we were able
to propose a meaningful algorithm for the selection of occluders
(Fig. 5). For patients with window-like and aneurysmal shape,
ruptured sinus of Valsalva aneurysm (RSVA).
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mall-waist double-disk occluders were advised. In patients with
ubular RSVA, we preferred the muscular VSD occluder with a long
onnecting waist. In some rare conditions, we should select indi-
idual occluders according to the angiographic shape of RSVA. If
here was no proper occluder, surgical repair might be more suit-
ble. Furthermore, in our opinion, designing individual occluders is
lso important for RSVA patients with some special angiographic
eatures.
imitations
Our study proposed a new angiographic classiﬁcation and
emonstrated signiﬁcant beneﬁts of percutaneous closure of RSVA,
evertheless it had some limitations. To the best of our knowl-
dge, the present series is the largest study of patients with this
are abnormality undergoing percutaneous closure. However, the
ample size of 30 cases from 5 institutions was not large enough.
esides, our classiﬁcation is proposed according to the retrospec-
ive review of angiographic features. We need more cases to reﬁne
he classiﬁcation system and manifest its effect on the selection of
ccluders in RSVA patients.
onclusions
Based on angiographic ﬁndings of patients undergoing percu-
aneous closure, we proposed a new classiﬁcation for RSVA. Our
ngiographic classiﬁcation system is simple for understanding the
ngiographicmorphology of RSVA and practical for the selection of
ccluders. We would like to undertake a large, prospective study
o reﬁne the classiﬁcation system and better understand how this
lassiﬁcation improves the management in individual patients.
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